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Abstract
·AIM:Toinvestigatethecharacteristicsandcriterionof
graftrejectioninmicemodel.
· METHODS:C57BL/6orBALB/cmicecornealgrafts
weregraftedontoBALB/chosts.Eachgroupwasdivided
intotwosubgroupsaccordingtothecornealopacity
scores12daftertransplantation.Thecharacteristicsof
opacityandneovascularizationwereobserved.Miceof
the12
th,50
th dayaftertransplantation,thegraftsbiopsyof
miceinallogeneicgroup1,whichopacityscoreexceed
3,werepreparedforhistologicalobservationandthose
restoretransparentwereendothelialstained.
·RESULTS:Therewasnodifferenceofcornealopacity
scoreonthe7
th and12
th dayafteroperation;the
histologicalresultshadnodisparitybetweensyngeneic
groupandallogeneicgroup.Onthe12
th dayafter
surgery,theturbiditycurvewasapparentingraftswith
opacityscore 约2.Mononuclearcellswereshowningrafts
withopacityscorereached3inallogeneicgroup1.
Differentrejectionperformancewasobservedintissue
sectionsonthe50
th dayaftersurgery.
·CONCLUSION:Grafts,opacityscoreexceeds3from
the7
th tothe12
th dayafteroperationcouldnotbejudged
asarejection.Weshouldpaymoreattentiontothe
variation of grafts opacity since 12d after corneal
transplantation.
· KEYWORDS: cornealtransplantation;graftsurvival;
experimentalstudy
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INTRODUCTION
S
incethefirstsuccessfulpenetratingkeratoplasty(PKP)
was reportedbyEdwardZirmin1906,corneal
transplanthasbecometheoldest,mostsuccessfuland
commonformoftissuetransplantation
[1,2].Whencorneal
graftsareplacedintoanavascularrecipientbed(so-called
normal-riskkeratoplasty),2-yeargraftsurvivalratesreach
90%under coverof topical steroids,even without
HLA-matching
[1,3,4].Althoughcornealtransplantationisoneof
themostcommontissuetransplantationsandisknownto
haveahighgraftacceptancerate,irreversiblerejectionis
clearlytheimportantcauseofgraftfailure,despitethe
long-heldviewthatthecorneaisanimmune-privilegedtissue
inanimmune-privilegedsite
[4-6].
Inthestudyofcornealtransplantrejection,mousemodelhas
beenwidelyused
[1,7-9].Mousecorneaisrelativelysmaller;its
pupilisonly3.0mmto3.5mmindiameter.Comparedto
otherexperimentalanimals,itismoredifficulttohavea
cornealtransplantationintheireyes.Mouseisoneofthe
mostwidelyusedexperimentalanimalsinmedicalresearch,
asthemodelofcornealtransplantrejection,micehavetheir
uniqueadvantages.Theopaquelevelisoftenusedasthe
exclusioncriteriaatthemousecornealtransplantationmodel;
buttheoccurrenceofcornealopacityisnotthedeterminant
signofagraftrejection.Thetransparentcornealgraftscould
alsobeobservedafterthecornealgraftrejection.Theaimof
thepresentresearchwastoobservethecharacteristicsof
cornealrejectionatdifferenttimesaftertransplantationand
thecriterionofcornealgraftrejectioninmice.
MATERIALSANDMETHODS
Materials
Miceandanesthesia Inmousekeratoplastymodel,female
BALB/cmice(H-2d, =60)attheageof6-8weeks(18-22g)
wereusedasrecipient,andfemaleC57BL/6mice(H-2b,
=15)atthesameageasgraftdonorbothprovidedbythe
AnimalCenteroftheGeneralHospitalofChinesePeople's
LiberationArmy(Beijing,China).Forsyngeneic
transplantations,30BALB/cmicewerebothdonorsand
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recipients(syngeneicgroup),amongsyngeneicgroups,those
corneaopacityscore 臆2weredefinedassyngeneicgroup1,
逸3assyngeneicgroup2;other30BALB/cmiceaccepted
allogeneiccornealtransplantation(allogeneicgroup)among
syngeneicgroups,thosecorneaopacityscore 臆2were
definedasallogeneicgroup1, 逸3asallogeneicgroup2.
AnimalsweretreatedinaccordancewiththeARVO
StatementfortheUseofAnimalsinOphthalmicandVision
Research,andthisprojectwasapprovedbytheinstitutional
ethics committee.Anesthesiawasadministered
intraperitoneallybyketamine/Sumianxinsolutionatadoseof
5.0mg/kgand2.5mg/kg,respectively.
Methods
Cornealtransplantation Beforetransplantation,compound
tropicamideeyedrops(Santen,Japan)wereusedtodilate
pupilsandoxybuprocainehydrochlorideeyedrops(Santen,
Japan)forsurfaceanesthesia.Penetratingkeratoplastyin
micehasbeendescribedinpreviousstudies
[10,11].Briefly,
C57BL/6orBALB/cdonorcornealgraftswereexcisedby
removingacentral2-mmcornealbuttonusinga2.0-mm
mousetrephineandcutwithasharp-tipvannasscissor(66
vision,Suzhou,China).
Underanesthesia,a2-mmgraftbedoftherighteyeina
recipientwaspreparedbytrephiningthecentralcornea.Then
adonorcornealbuttonwasimmediatelyplantedintothegraft
bedinplacewith8interruptedsutures(11-0nylon,Tyco
HealthcareGroup,USA)underTOPCONOMS300surgical
microscope(Topcon,Japan).Whileinallograft,graftswere
suturedintothegraftbedafterrotating180degreesin
orthotopicposition.
Beforesuturingtheeyelidswith10-0nylonsuture(Tyco
HealthcareGroup,USA),antibioticointment(Hlortetracycline,
Jinan,China)wasappliedonthecornealsurface.Theneyelid
suturewasremoved24hlater,andthegraftswithtechnical
difficultiesincludinghyphema,cataract,infection,andlossof
anteriorchamberwereexcludedfromfurtherconsideration.
Cornealsutureswereremovedafter7d,andgraftswere
examinedevery2duntil50daftertransplantationunderslit
lampmicroscopy(66vision,Suzhou,China).
Evaluationofgraftsurvival AccoringtotheSonodaand
Streilein
[12] andourpreliminaryexperimentalresults,corneal
graftswereexaminedeverydayinthefirst14d(expectday1)
underanoperatingmicroscope,andevery2dfrom15d-50d
postoperatively.Cornealgraftscorewasreportedby2
independentobserversaccordingtothesameclinicalscoring
systemforcornealgraft(Table1).Inthisstudy,agraft
rejectionwasdeterminedbytheopacityand
neovascularizationinaccordancewithpreviousstudies
[7,10,12].
Agraftwithopacityof3orgreaterandneovascularization
scoreof2orgreateraftersutureremovalwasconsideredas
graftrejection.
Histologicalevaluationofcornealgrafts Onday12and
50aftercornealtransplantationandwhengraftsexpress
rejectioninallogeneicgroup1,threemiceofeachgroup
weresacrificedbydislocationandusedforhistological
examination.Thegraftedeyewasenucleated,washedin
runningwater,fixedin4%paraformaldehydefor6h,
embeddedinparaffin.The5-mmsliceswereprepared
(Leica,Germany)andthenroutinelystainedbyhematoxylin
andeosinforlightmicroscopyexamination.
Endothelialstaining Micewithtransparentcorneasof
syngeneicgroupandallogeneicgroupwerekilledby
dislocationandallcornealtissueswerecutradicallyalong
thelimbus.Endothelialstainingwasdonebyusing0.25%
alizarinredand0.25%bluecone(ChemicalReagentCo,
Beijing,China)for150swiththeflatendothelialsurfaceon
top.Thestainingwasexaminedthroughlightmicroscope
afterwashing3times.
StatisticalAnalysis Ananalysiswasperformedbyusing
SPSS13.0.Analysisofvariancewasusedforcompare
Table 1  Clinical scoring system for corneal grafts 
Score  Clinical appearance 
Opacity   
0  Clear cornea graft 
1  Minimal, superficial (not involving stroma) opacity, pupil margin and iris texture is readily 
visible 
2  Minimal to moderate opacity including corneal stroma, pupil margin and iris texture is 
visible  
3  Moderate stromal opacity, only pupil margin visible 
4  Intense stromal opacity, only outline of pupil is visible 
5  Severe stromal opacity, anterior chamber is invisible   
Neovascularization   
0  No neovascularization 
1  Neovascularization around the recipient graft beds only 
2  Neovascularization around the peripheral graft 
3  Middle and peripheral part of graft were vascularized 
4  Entire cornea vascularized 
 
579cornealopacityandneovascularizationscores.A valueless
than0.05wasconsideredofstatisticalsignificance.
RESULTS
ClinicalObservationofCornealGrafts Threemice(5%)
wereexcludedduetocomplicationsincludingcataractin2
casesandirisincarcerationin1case.Thenumberof
successfulcaseswasshowninTable2.
ChangesofGraftTransparency
Grafts in syngeneic group Thecornealtransparency
decreasedgraduallybeforesuturesremoved.Onday7after
transplantation,graftsofanopacityscore 逸3were38%and
ofaneovascularizationscore 逸2were83%.Aftersuture
removal,79%graftsbecameclearerandtheopacityscore
reducedto2orlessandtheneovascularizationdecreased
quicklywithin12dafteroperation.Graftsofopacityscore 逸3
were21%.Allgraftswithopacityscoremorethan3ondays
12werethatopacityexceeded3onday7postoperativelyand
didnotbecomeclear.Thelargestproportionofhigher
opacityandneovascularizationscoresappearedinthefirst
weekpostoperatively,andthendecreasedgraduallywith
time. Thedifferent opacityand neovascularizationin
syngeneicgroupwasshowninFigure1.Therewere
significantdifferencesintheopacitypercentageofgrafts( =
37.390, ＜0.05).Exceptday5-7,cornealopacityscores
weresignificantlydifferentbetweensyngeneicgroup1and
syngeneicgroup2.Therewassignificantdifferencein
cornealopacityscorebetweenallogeneicgroup1and
allogeneicgroup2beforeday21postoperatively(Figure2).
Graftsinallogeneic group Thecornealtransparency
decreasedgraduallybeforethesutureremoval.Onday7
postoperatively,thegraftsofanopacityscore 逸3was59%
andofaneovascularizationscore 逸2was86%.Between
days7and12,75%graftsbecameclearerandtheiropacity
scorereducedto2orlower,andthedensityof
neovascularizationdecreasedinvaryingdegrees.Graftsof
opacityscore 逸3were25%onthe12
th dayafter
transplantation.Neovascularizationincreasedandinvadedthe
graftbedafter14d.Differentlevelsofedemaandopacity
withworseturbidityoccurredaroundtheneovascularization
siteandthegraftsbecamecompletelyopaquegradually.The
largerproportionofhighergraftsopacityand
neovascularizationscoresappearedinthefirstandsecond
week,respectively.Thisproportionincreasedsincethethird
weekandreacheditspeakinthefourthweek.Fourweeks
later,thegraftsofhigheropacityscoredecreasedgraduallyat
ahigherlevel.Thedifferentturbidityandneovascularization
inallogeneicgroupwasshowninFigure3.Therewere
significantdifferencesinthecornealneovascularization
scoresofgrafts(=16.657, ＜0.05).Exceptday11-15,
cornealneovascularizationhadsignificant differences
betweensyngeneicgroup1andsyngeneicgroup2.There
weresignificantdifferencesincornealopacityscorebetween
allogeneicgroup1andallogeneicgroup2expectforday
11-15(Figure4).Attheendofobservation,persistentopacity
wasfoundwithoutobviousedema( =3)(Figure5A);Grafts
returnedclaritywithoutedema,justleftseveralpoint
opacitiesinstromalwithopacityscore 臆2( =2)(Figure5B).
Graftsshowedabubbleshapewithoutneovascularizationand
partsofgraftsshowedconeshape( =12)(Figure5C).
Opacity Scores of Graft Therewasnosignificant
differenceintheproportionofcornealopacityscorebetween
syngeneicgroupandallogeneicgrouponthe7
th（
2=0.643,
=0.423） andthe12
th day(
2 =0.018, =0.895） aftersurgery
(Tables3,4).
Table 2  Animal numbers of each group 
Syngeneic group  Allogeneic group 
Group 
1  2  1  2 
n  23  6  21  7 
Total number  29  28 
 
Figure1 Graftpercentageofdifferentturbidity (A)and
neovascularization(B)insyngeneicgroup.
Figure2Trendsofcornealopacityscoreineachgroup A1:
Syngeneicgroup1;A2:Syngeneicgroup2;B1:Allogeneicgroup1;
B2:Allogeneicgroup2.
Cornealgraftsurvivalinmicemodel
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HistologyResults Onday12postoperatively,thehistology
findingsinsyngeneicgroupweresimilartoAllogeneic
group.Asmallamountofinflammatorycellswerefoundin
allgraftsregardlessofopacityscores.Thestromalofgrafts
withopacityscore 逸3werethickerthanscore 臆2(Figure
5D,E,F,G).Onday50postoperatively,graftstructureswere
similarlynormalinsyngeneicgroup(Figure5H,I).No
inflammatorycellwasfoundinallogeneicgroup.Ingrafts
withpersistentopacity,epitheliumwasthinnerandstromal
wasthickerthannormalones(Figure5J).Inthosegrafts
restoring clearer,thecornealtissue hadcontinuous
endothelialcelllayerandsimilarwithnormalcorneas,and
thinnerthannormalones(Figure5K).Ingraftsshowinga
bubbleshape,theepitheliumandstromallayerwerethinner
obviously,andlayeredphenomenoncouldbefoundinthe
stromal(Figure5L).
ResultsofEndothelialStaining Theendothelialcells
showedthesamesizeandarrangedneatlywithhexagonal
shapeintransparentgraftsofsyngeneicgroup(Figure5N),
justlikenormal(Figure5O).Inthosegraftsrestoring
transparencyofallogeneicgroup,endothelialcellsshowed
unequalsizeandarrangeddisorderlywithvariousshapes
(Figure5P).
DISCUSSION
Earlystudiesutilizedrabbitsand,morerecently,sheep,but
theavailabilityofalargerangeofreagentsforrodentshas
permittedmoremechanisticstudiesonratsandmice
[13-15].
Withtheimprovementofsurgicalinstrumentsandsuture
materialadvances,cornealtransplantsbecamepossiblein
mice
[1,7-9,16,17].In1990,She
[16] firstreportedtheorthotopic
cornealtransplantsinmice.Thefundamentalpurposeofthis
researchwastostudythemechanismofcornealrejectionand
findthemethodstoinhibitit.Therefore,howtodefineand
determinethecornealgraftrejectionwasreallyimportant.In
clinicalandexperimentalreports,thecornealgraftrejection
usuallyrelatedtocornealopacities.Thus,thediagnosisof
graftrejectionisbasedonlossofgrafttransparency
[7,18-20].
Weknowthatthepresenceofpreexistingbloodvesselsisa
strongriskfactorforcornealgraftimmunerejection.Normal
corneaisavascular,whichisanessentialelementofcorneal
transparency
[21].Inourstudy,wefoundthat
neovascularizationemergedonday3andextendedtothe
junctionofgraftbedonday6and7postoperatively.The
fillingofnewbloodvesselsreducedatvaryingdegreesafter
sutureremovalwhichwouldnotdisappearcompletely.The
neovascularizationmightbeinducedbyreceptors,butnot
inflammation-specificstimulatedbythesutureinplace.After
that,cornealedemaandopacitybecameobviousand
accompaniedbyre-fillingofnewbloodvesselswhencorneal
grafts rejected..Therefore,webelievedthat
neovascularizationattheborderofgraftisaprerequisiteof
cornealtransplantationrejectionregardlessofitsinvading
degree.
Themainpurposeofcornealtransplantationresearchisto
studytherejectionmechanismandthemethodstotreatand
preventrejectionaftersurgery.Variousfactorscancontribute
toopacityorreducedclarityofcorneaincludingcellular
infiltration,newvesselgrowth,thickeningandirregularityof
corneaandedema.However,themousemodelhasitsown
characteristics.In presentexperiment,cornealopacity
Figure3 Graftpercentageofdifferentturbidity (A)and
neovascularization(B)inallogeneicgroup.
Figure4Trendsofcornealneovascularizationscoreineach
group A1:Syngeneicgroup1;A2:Syngeneicgroup2;B1:
Allogeneicgroup1;B2:Allogeneicgroup2.
Table 3  Corneal opacity scores of each group on the 7
th
 day 
Corneal opacity scores  Syngeneic group 
(n) 
Allogeneic group 
(n) 
≤2  18  14 
≥3  11  14 
  Table 4  Corneal opacity score of each group on the 12
 th day 
Corneal opacity scores  Syngeneic group 
(n) 
Allogeneic group 
(n) 
≤2  23  21 
≥3  6  7 
 
581Figure5Clinicalevaluation,histologyresultsandendothelialstainingofmousecornealgraft 1)Clinicalevaluationofmousecorneal
graftonday50aftertransplantationinallogeneicgroup (A,B,C,D).A:Persistentopacitywithoutobviousedema;B:Point-like,thread-like
opacitiesinstromalwithoutedema;C,D:Graftsshowedconeshape.2)Histologyresultsofgraftsonday8postoperatively (E,F,G,H).E:
Graftsofopacityscore2insyngeneicgroup;F:Graftsofopacityscore2inallogeneicgroup;G:Graftsofopacityscore3insyngeneicgroup;
H:Graftsofopacityscore3inallogeneicgroup;I:Histologyresultsofnormalcornea;J:Histologyresultsofgraftsonday50postoperatively
graftsinsyngeneicgroup.Histologyresultsofgraftsonday50postoperativelyinallogeneicgroup (K,L,M).K:Graftswithpersistent
opacity;L:Graftsregainclear;M:Graftsshownabubbleshape.3)Resultsofendothelialstaining (N,O,P)；N:Endothelialstainingof
normalcornea;O:Graftsofsyngeneicgroup,arrangedwithnormalshape;P:Graftsofallogeneicgroup,cellsarrangeddisorderlywith
variousshape.
changedobviouslybothinallograftandautologous
transplantation.Beforesuturesholdingthegraftinplacewere
removed,edemaofcornealepithelialincreasedandcorneal
transparencydecreasedgraduallyaftersurgery.Thegrafts
performanceofallograftissimilarwiththoseofautologous
transplantationbeforesutureremoval.The corneal
transparencydecreasedgradually.
Thecornealdensityofneovascularizationdecreasedat
varyingdegrees.Fourteendayslater,theextentof
neovascularizationincreasedagainandinvadedthecornea
graft;differentdegreesofedemaandopacityformedwith
heavierturbidityaroundtheneovascularizationsite,andthe
graftcompletelybecameopaquegradually.Thegrafts
opacity score 逸3were25%onthe12
th dayafter
transplantation,andkeepingcontinuousopacity.
Manystudieshavedemonstratedthatthedecliningcorneal
transplantationisrelatedtotemporarylossofcorneal
endothelialfunctionaroundthe7
thdayaftertransplantation
[22-24].
However,wehypothesizethattheearlytransientpeakin
cornealopacityfollowingcloselysutureremovalislikelyto
representnon-specificinflammatoryirritation(otherwise
knownastheinnateimmuneresponses)causedbysurgery
andsutureratherthanimmunologicalrejection,andthe
suturemaybethemainfactor.Plskov觃
[7] comparedthe
rejectionbetweencontinuousandinterruptedsuture,and
foundthatthecornealgraftwithinterruptedsuturesoccurred
rejectionearlierthanthosewithcontinuoussuture.
Interruptedsuturewasusedinthepresentstudyanditwas
foundthathistologyresultsinallograftweresimilarwith
thoseofautologoustransplantation7daftertransplantation.
Theallograftgraftsthatmeetthecornealopacityand
neovascularizationrejectionscorewerenotrejectedafter7d.
Therewerenodifferencesofopacityscoreamonggroupson
day7and12aftercornealtransplantation.Heavieropacity
Cornealgraftsurvivalinmicemodel
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mayberelatedtoendothelialinjuryandsuturestimulation
causedbysurgeryasaresultofrepairresponse.More
attentionisrequiredtoobservegraftsopacityaroundday7
aftertransplantation,especiallyforthosewithopacityscore
reached3.Graftscouldberemovediftheopacityscore
remainsgreaterthan3.Accordingtoourresults,rejectionhas
appearedinsomegraftsonthe14
th dayaftercorneal
transplantation.Iftheopacitydoesnotimprove12dlater,itis
essentialtodecidewhetherthecornealgraftrejectionhas
occurredornot.
Allogeneiccornealgraftsrejectioninratsappearedin95%-
100%casesinpreviousstudies
[12,25,26].Inthisstudy,rejection
ratewas100%.Thefollowingoutcomeswerefound:1)
entirecorneavascularizedandopacitywithoutedema;2)
graftsshowedabubbleshapewithoutneovascularization,and
thegraftsshowedcone;3)opacitygraftreturnedclearwithout
edema,butpointopacitiesstillexistedincornealstromal.For
thefirsttwooutcomes,itwaseasiertoassessarejection.But
forthelastone,itwaseasiertomisjudgearejection.
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